Purpose: Musculoskeletal diseases, including osteoarthritis (OA) and low back pain (LBP), are the leading causes of years lived with disability, and are associated with lowered qualityof-life, lost productivity, and increased healthcare costs. However, information publicly available regarding the Japanese real-world usage of prescription medications is limited. This study aimed to describe the clinical characteristics of patients with OA and chronic LBP (CLBP), and to investigate the patterns of medications and opioid use in Japanese real-world settings. Materials and methods: A retrospective study was conducted using a Japanese administrative claims database between 2013 and 2017. The outcomes were patient characteristics and prescription medications, and they were evaluated separately for OA and CLBP. Results: The mean age of 118,996 patients with OA and 256,402 patients with CLBP was 68.8±13.1 years and 64.8±16.4 years, respectively. Approximately 90% of patients with OA and CLBP were prescribed non-steroidal anti-inflammatory drugs (NSAIDs). Other prescriptions included hyaluronate injection (35.6%), acetaminophen (21.4%), and steroid injection (20.0%) in patients with OA, and pregabalin (39.0%) and acetaminophen (22.4%) in patients with CLBP. Weak opioids were prescribed to 10.7% and 20.6% of patients with OA and CLBP, respectively. The prescription of COX-2 inhibitors (OA: +6.5%; CLBP: +6.7%) and acetaminophen (OA: +16.4%; CLBP: +14.4%) increased between 2013 and 2017. The first commonly prescribed medication among patients with OA and CLBP were NSAIDs; hyaluronate injection (patients with OA) and pregabalin (patients with CLBP) were also common first-line medications. Acetaminophen, steroid injection (patients with OA), and weak opioids were prescribed more in the later phases of treatment. Conclusion: Most patients were prescribed limited classes of pain drugs, with NSAIDs being the most common pain medication in Japan for patients with OA and CLBP. Opioid prescription was uncommon, and were weak opioids when prescribed. Keywords: osteoarthritis, chronic low back pain, non-steroidal anti-inflammatory drugs, opioid, pain
Introduction
The life expectancy of the Japanese population as of 2016 was 81.1 and 87.1 years for men and women, respectively; 1 however, the healthy life expectancy of associated with lowered quality-of-life (QoL), lost productivity, and increased healthcare costs. [4] [5] [6] [7] Both OA and chronic LBP (CLBP) are common health problems in Japan (prevalence of radiographic knee and hip OA: 55.6% 8 and 2.4%; 9,10 prevalence of CLBP in ages >50:
15.4% 11
). These diseases negatively impact the healthy aging of the present and future populations. 12, 13 Treatments of OA focus on alleviating pain, reducing stiffness, maintaining functional capacities, and improving QoL. 6 The Japanese Osteoarthritis Research Society
International (OARSI) guideline for knee OA recommends non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen, and intra-articular injection of steroid and hyaluronate as first-line pharmacological treatments. 14 The use of weak opioids can be considered for the treatment of refractory pain, where other pharmacological agents have been ineffective or are contraindicated. The guideline recommends not to use strong opioids and to consider non-pharmacological treatments.
14 First-line non-pharmacological treatments are rehabilitation (eg, aerobic exercise, muscle strengthening) 14 and surgery, including total knee arthroplasty and total hip replacement, both of which are reported as effective in improving function and QoL for patients whose pain cannot be relieved with pharmacotherapy. 15, 16 The treatments of CLBP aim to relieve pain and improve function, rather than cure. 17 This is because the diagnosis of CLBP pathology is often limited, except for patients with radiculopathy, spinal stenosis, or other specific spinal causes, 18 the diagnosis of which may be established by magnetic resonance imaging or computed tomography. The Japanese guideline for CLBP recommends NSAIDs, COX-2 inhibitors, and acetaminophen as the first-line pharmacological treatments. 19 Similar pain medications are recommended in the UK. 20 Second-line pharmacological recommendations include tricyclic antidepressants, opioids, and anticonvulsants, supplemented by appropriate non-pharmacological measures, such as exercise programs, manual therapies, behavioral therapies, interventional pain management, and traction. 19 Opioids, classified as weak (eg, codeine, tramadol, buprenorphine) or strong (eg, morphine, oxycodone, fentanyl, remifentalil, methadone) in Japan, are a type of analgesic for both neuropathic and nociceptive pain. 21 They are largely prescribed for chronic pain, 22 and are a potential pain medication for patients with OA and CLBP. However, high risk of misuse, abuse, and harm associated with opioids has been reported, particularly in the United States of America (US). 23 In Japan, opioids are generally prescribed when pain cannot be controlled with other pharmacotherapies. 14, 19 However, the sales and use of opioids for treating chronic pain have been increasing since their approval in Japan in 2011. 21, 24 Limited information is publicly available regarding the Japanese real-world usage of prescription medications, including opioids, among patients with OA and CLBP. Therefore, this study aimed to describe the clinical characteristics of patients with OA and CLBP and to investigate the patterns of medications and opioid use in Japanese real-world settings.
Materials and methods

Data source
A retrospective study was conducted using an administrative claims database provided by Medical Data Vision Co., Ltd. (MDV, Tokyo, Japan). At the time of this study (as of July 2018), the electronic record-based hospital claims database contained medical information of more than 23 million patients in Japan from 364 facilities that participated in the diagnosis procedure combination per-diem payment system (DPC/PDPS).
The MDV database contained information from hospitals capable of treating advanced stage patients, including, but not limited to, acute care facilities. The database excluded patients' data from clinics, nursing homes, and hospices, but included both in-and outpatients, including demographics (eg, age, sex) and medical records (eg, examination, procedures, prescriptions, disease names based on the International Classification of Diseases 10th revision [ICD-10, 2013 ], Japanese claims codes).
Ethics statement
The study was conducted in accordance with the guidelines of Good Pharmacoepidemiology Practices (GPP) issued by the International Society for Pharmacoepidemiology. Informed consent for this study was not required because this was an observational study using de-identified structured claims data, and the Japanese Ethical Guidelines for Medical and Health Research Involving Human Subjects do not apply to studies utilizing anonymized secondary data.
Study population
We used patient records from January 1, 2013 to December 31, 2017 . The start of the study period was selected to be approximately 1.5 years after the launch of Tramcet ® , a combination drug of tramadol and acetaminophen, in Japan in 2011. The target populations were patients diagnosed with OA or CLBP.
The inclusion criteria of the OA cohort were 1) an initial diagnosis record of OA with ICD-10 codes (2013) of M16 (coxarthrosis) or M17 (gonarthrosis) but excluding M16.1 (rapid destructive coxarthrosis with a claim code of 2096965), 2) ≥2 prescriptions of pain drugs on separate dates by orthopedists or anesthesiologists, and 3) age of ≥18 years at index date (the date of the first drug prescription for pain treatments following the initial diagnosis record of OA, Figure 1 ). The classes of pain drugs examined were NSAIDs (oral or transdermal), acetaminophen, hyaluronate injection, steroid injection, weak opioids (tramadol, codeine, buprenorphine), strong opioids (fentanyl), serotonin-norepinephrine reuptake inhibitors (SNRI), duloxetine, and other non-opioid drugs (Table S1 ). The exclusion criteria were 1) malignancy (ICD-10 codes of C00-C97 and D00-D09), and 2) diagnosis of CLBP.
The CLBP cohort was identified first with ICD-10 codes of M40 (kyphosis and lordosis), M41 (scoliosis), M43 (spondylolysis), M45-49 (spondylopathy), or M50-54 (other dorsopathies), but excluding sub-items listed in Table S2 . Chronic pain was defined as having at least two ICD10 diagnoses of LBP within 3 months and ≥1 month apart. The second and the third inclusion criteria were the same as those for the OA cohort, but the class of pain drugs for this cohort included pregabalin but excluded hyaluronate injection and steroid injection. The exclusion criteria were 1) malignancy, and 2) diagnosis of OA.
Statistical analysis
The baseline information was evaluated for all patients with OA or CLBP meeting the inclusion and exclusion criteria, and patients with a follow-up period of ≥1 year. To describe demographic and clinical characteristics of the patients, information including age, sex, duration of disease at index date, in-or outpatient, and comorbidities of interest at baseline were summarized. To investigate the prescription pattern and treatment sequence, we examined the pain drug classes prescribed after the index date by an orthopedist or anesthesiologist (Table S1 ). To investigate opioid use, time to the first weak opioid prescription, treatment duration (the duration from the date of the first weak opioid prescription to the end date of the prescription, including days without prescription medicines), dose of weak opioids, and the number of drug classes prescribed before the weak opioid prescription were examined. The treatment duration and dose of weak opioids were evaluated separately for tramadol and the combination of tramadol and acetaminophen (thereafter tramadol/ acetaminophen combination).
The follow-up period was defined from the index date to the end date of pain drug prescription or the date of surgery for patients with OA (Table S3) examined separately for each year, and the treatment sequence from the first to fifth treatment was examined for patients with a follow-up period of ≥1 year.
Patient demographic and characteristics at baseline and prescription medicines were summarized using descriptive analysis, with mean±standard deviation or median [the first quartile=Q1, the third quartile=Q3] for continuous variables or number and percentage (%) for categorical variables.
The time to the first weak opioid prescription was censored during surgery if surgery was performed before the first prescription of a weak opioid; the median time was calculated using the Kaplan-Meier method. Treatment duration with weak opioids was also estimated using the Kaplan-Meier method, censoring the duration at surgery or the last visit if the treatment was ongoing. The number of weak opioid prescriptions and drug classes prescribed before the weak opioid prescription was also summarized using descriptive statistics. Results were presented as described above. All statistical analyses were performed using SAS Release 9.3 (SAS Institute, Cary, NC, USA).
Results
We identified 20,806,511 patient records between January 1, 2013 and December 31, 2017 (Figure 2 ), wherein 687,793 and 1,695,811 patients with OA and CLBP, respectively, were identified. Among these, 44.3% (OA) and 17.9% (CLBP) of patients had both CLBP and OA, and therefore were excluded from the OA or CLBP cohorts. Finally, 118,996 patients and 256,402 patients with OA and CLBP, respectively, met the inclusion and exclusion criteria.
Demographic and clinical characteristics
Demographic and clinical characteristics of patients with OA and CLBP are summarized in Table 1 . The mean age of patients with OA (68.8±13.1 years) was slightly higher than that of patients with CLBP (64.8±16.4 years). There were more women in the OA cohort (73.3%), but both sexes were equally represented in the CLBP cohort (females: 52.1%). Among patients with OA, 83.4% and 16.6% had gonarthrosis and coxarthrosis, respectively. The proportion of hospitalized patients was slightly higher in the OA cohort (21.5%) than the CLBP cohort (17.6%). The most common comorbidity was cardiovascular disease in both cohorts (OA: 34.8%; CLBP: 35. respectively, and patients with a follow-up period of ≥1 year consisted >30% in both cohorts. The baseline demographic and clinical characteristics of patients with OA and CLBP with a follow-up period of ≥1 year were similar to those of the overall patients.
Prescriptions
The majority of the 118,996 patients with OA and 256,402 patients with CLBP were prescribed NSAIDs (OA: 92.0%; CLBP: 88.2%, Table 2 ). The prescription of oral NSAIDs was slightly more common than transdermal NSAIDs among patients with CLBP (oral: 71.0%; transdermal: 60.6%). With regard to oral NSAIDs, non-selective COX inhibitors were prescribed to more than two thirds of patients in both cohorts (OA: 67.0%; CLBP: 72.6%), whereas COX-2 inhibitors were prescribed to approximately half of the patients (OA: 48.4%; CLBP: 42.1%). The second most frequently prescribed pain drugs differed depending on the cohort. Among patients with OA, hyaluronate injection (35.6%) was the second most prescribed pain drug, followed by acetaminophen (21.4%) and steroid injection (20.0%). Among patients with CLBP, pregabalin (39.0%) was the second most prescribed pain drug, followed by acetaminophen (22.4%). NSAIDs were consistently highly prescribed in both cohorts from 2013 to 2017 (>80%), with a small reduction in the prescription of oral NSAIDs only among patients with CLBP (−10.5%) in 5 years ( Table 2 ). The prescription of non-selective COX inhibitors slightly decreased between 2013 and 2017 among patients with OA and CLBP, whereas that of COX-2 inhibitors increased by similar proportions. The prescription of acetaminophen was uncommon in 2013 (OA: 4.7%; CLBP: 7.0%), but gradually increased over the next 5 years, with an increase of 16.4% among patients with OA and 14.4% among patients with CLBP.
Weak opioids were prescribed to 10.7% of patients with OA, but were more commonly prescribed among patients with CLBP (20.6%, Table 2 ). Tramadol was the main weak opioid prescribed in both cohorts, and codeine, buprenorphine, and strong opioid (fentanyl) were rarely prescribed. From 2013 to 2017, the prescription of weak opioids increased 5.7% among patients with OA and 6.6% among patients with CLBP.
Treatment sequence
As the first-line treatment for pain, approximately half of patients with OA with a follow-up period of ≥1 year were prescribed oral NSAIDs (48.9%) or transdermal NSAIDs (59.0%, Table 3 ), followed by hyaluronate injection (26.2%). In contrast, steroid injections (8.2%) and acetaminophen (3.9%) were rarely administered as the first-line treatment, but these drugs were prescribed more in the later phases of pain treatment. Only 3.2% of patients with OA received weak opioids as a first-line treatment, but their prescription increased to 20.7% by the fifth treatment. Follow-up period was estimated from the day of the first pain drug prescription (index date) to the end date of pain drug prescription or the date of surgery for patients with OA, whichever occurred later; Data are presented as mean±SD, median (Q1-Q3), or number (%). Abbreviations: CLBP, chronic lower back pain; OA, osteoarthritis; Q1, the first quartile; Q3, the third quartile; SD, standard deviation.
Similar to patients with OA, patients with CLBP were most frequently prescribed NSAIDs as the first-line treatment (oral: 51.4%; transdermal: 50.2%, Table 3 ). Pregabalin was also commonly prescribed first (20.8%), but its prescription became less common in the later phases of treatment. Weak opioids (8.2%), acetaminophen (6.5%), and duloxetine (0.7%) were prescribed rarely as initial treatments, but were more frequently prescribed in the later phases. Similar to patients with OA, only 8.2% of patients with CLBP were prescribed weak opioids as the first-line treatment, but the proportion of patients prescribed weak opioids increased to 15.9% by the fifth treatment.
The number of patients with OA prescribed at least three classes of pain drugs was relatively small (19.7%), with a few being prescribed four classes (5.1%) or five or more classes (1.2%) of pain drugs ( Table 2 ). The number of patients with CLBP prescribed at least three classes of pain drugs was slightly higher (30.8%) compared with that of patients with OA, but only a few patients were prescribed four classes (10.5%) or five or more classes (3.4%) of pain drugs.
Prescriptions among patients with opioid treatments
The median time to the first weak opioid prescription was 92 Table S4 ). Pregabalin was prescribed more to patients with CLBP using weak opioids than those who did not (61.6% vs 35.2%). The baseline demographic and clinical characteristics of patients with OA and CLBP who were and were not prescribed weak opioids were similar in terms of age, sex, duration of disease, and comorbidities (Table S5) .
Discussion
This is the first study that examined prescription medications among patients with OA and CLBP in a real-world setting using Japanese hospital claims data with more than 370,000 patients. As expected, 25 women comprised the majority in the OA patient group and almost half in the CLBP patient group. Published data of age in Japan have shown a broad range, from 54 years in OA patients 26 and 52 years in LBP patients 27 to approximately 70 years in patients with knee OA and lumbar spondylosis. 25 The mean ages observed in this study (OA: 68.8 years, CLBP: 64.8 years) are in this range. One reason for the younger population of CLBP than OA is considered the relationship between the development of CLBP and occupations. 28 The study showed that NSAIDs were prescribed to approximately 90% of patients with OA and CLBP, and were the most standard pain treatment in Japan. The study also found that NSAIDs were prescribed for long-term use, and most patients were treated with limited classes of pain drugs, with only a few patients prescribed three or four classes of pain drugs. The prescription of NSAIDs was remarkably high in Japan compared with the published records in the US (37.1-65.4% of patients with OA; [29] [30] [31] 35 .0-56.1% of patients with CLBP [31] [32] [33] ), although over-the-counter (OTC) NSAIDs drugs (as well as acetaminophen) may be more widely used in the US. This is because the use of transdermal NSAIDs are common in Japan. The Japanese OARSI guideline for knee OA recommends the use of transdermal NSAIDs as the firstline treatment. 14, 34 Transdermal NSAIDs have a superior safety profile with fewer adverse events than oral NSAIDs. 19, 35, 36 However, an online survey in Japan found that approximately half of patients were unsatisfied with the analgesic effect of NSAID patches, and 37% of patients prescribed with NSAIDs patches used these in combination with oral NSAIDs. 37 No guidelines exist on the concurrent use of transdermal and oral NSAIDs, and further research is needed to investigate the safety and effectiveness for concurrent use. The use of non-selective COX inhibitors decreased between 2013 and 2017, whereas that of COX-2 inhibitors increased. Non-selective COX inhibitors were possibly replaced by acetaminophen or COX-2 inhibitors because of their adverse reactions. Although there is a high level of evidence for NSAIDs regarding short-term pain relief and improvements in activities of daily living, the Japanese guidelines do not recommend their use in high-risk patients or for long-term use 14, 19 because of adverse events (eg, gastrointestinal disorder, kidney failure, and cardiovascular disease).
38-44
Acetaminophen was prescribed more in the later phases of pain treatment, although acetaminophen is recommended as a first-line treatment in the Japanese guidelines for both OA and CLBP. 14, 19 The reason may be because NSAIDs are the preferred choice as a first-line treatment due to better efficacy, but then a waning of response, side-effects, or concerns with long-term safety result in switching to acetaminophen. The increase of acetaminophen use between 2013 and 2017 may be due to the approval of its higher dosage in 2011 (maximum dose of 400 mg/day) and the 2012 guideline recommendation to use as a first-line treatment. 14, 19 The prescription pattern of opioids in Japan greatly differs from that in the US. 41, 45 Opioids are more commonly prescribed in the US, accounting for 37.0−79.0% of prescriptions for patients with OA 31,32 and 48.0−71.7% for patients with CLBP. 30, 31 The lower percentage of opioid prescription in Japan is likely driven by legal regulations, guidelines, and preferences of patients and doctors. Among the types of opioids, tramadol is the only one without any legal regulations. Fentanyl and buprenorphine can only be prescribed by doctors who have taken e-learning modules, 22 and the prescription period is restricted to 14 days (buprenorphine) and 30 days (fentanyl) under the regulation for narcotic and psychotropic drugs in Japan. The extremely low level of opioid use may be because guidelines report a lack of evidence for their efficacy and discourage the use of opioids, especially strong opioids. 14, 46 Furthermore, the preference of doctors and patients may also affect the prescribing of opioids in Japan. Based on an online survey regarding opioid prescriptions for chronic pain, 22 65% of physicians answered that treatment expectations of patients affect opioid prescribing, and Japanese respondents were less likely to consider opioids as the standard of care for chronic pain compared with American respondents (42.9% in Japan vs 56.0% in the US). In addition, Japanese physicians are more likely to select opioids only when other therapeutic choices are ineffective (73.9% in Japan vs 58.7% in the US). Weak opioids were rarely selected in the early phases of treatment and were only used short-term once prescribed. The recommended dose of tramadol was 50 mg/ day for patients with OA and 67 mg/day for patients with CLBP, and that of tramadol/acetaminophen combination was 75 mg/day for patients with OA and 94 mg/day for patients with CLBP. Because the daily dose of tramadol described on the package insert is 100-300 mg/day and 150-300 mg/day for the combination, our study found that the daily dose prescribed to patients with OA and CLBP was much lower than recommended. These results seem to reflect the treatment guidelines for chronic pain, warning against the long-term administration of weak opioids because of uncertain effectiveness and safety.
14 Opioids have common adverse events, such as constipation, somnolence, and nausea, 47 with additional risks of misuse and abuse, which are social issues in the US. 23 However, similar issues are not anticipated in Japan in the near future because the prescription of opioids is strictly controlled by the aforementioned regulations.
Limitations
The database used in this study contains patient information from hospitals that utilize DPC/PDPS and provide acute inpatient medical care (≥20 beds), covering approximately 20% of 364 DPC facilities in Japan (as of July 2018), but it does not include patient records from clinics. Thus, the study population may not represent all patients with OA and CLBP in Japan. For instance, patients who visit the DPC hospitals may have severe conditions and be more likely to receive more medications than patients visiting clinics. In addition, patients in this study population may have more complications compared with the general population with OA and CLBP because the reason some of these patients may have visited the hospital was to treat their complications. For this study, the CLBP cohort was defined using the organic disease names to investigate the patterns of medications for pain because patients with CLBP are often diagnosed with having organic diseases in Japan. However, this may have resulted in the cohort including some patients with asymptotic conditions or those with another neuropathic pain disorder rather than LBP. Another limitation inherent to the use of the hospitalbased database is that it was not possible to obtain patients' treatment history recorded outside of hospital. Patient records from the first pain prescription provided at the DPC hospitals were examined; however, some of the patients may have been treated somewhere else first (eg, a previous clinic). Furthermore, no data was available regarding pain severity, status of pain control, or sideeffects. Finally, a relatively large number of patients had both OA and CLBP and underwent surgery, and further examination may reveal pharmacotherapy in these subgroups of patients.
Conclusion
This is the first report on the current status of pharmacotherapy among patients with OA and CLBP in Japanese real-world clinical settings. Despite the aforementioned limitations, the study showed that, although a range of drug classes is available in Japan, the most frequently prescribed pain medication is NSAIDs. Tramadol represents the majority of opioid prescriptions in Japan. Further research is required to clarify the reason for the high prescribing rate of NSAIDs and low prescribing rate of opioids, and to provide a more detailed understanding of NSAID use.
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